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Hybrid stepper motors
Data Sheet

Size Rear shaft No. of wires | RS stock no. o
1.8° step angle
No 440-420
17 Yes 6 440-436
No 191-8299
No 191-8306
No 8 440-442
Yes 8 440-458
No 6 191-8328
No 6 191-8334
23 No 6 191-8340
No 6 191-8356
No 6 191-8362
No 8 191-8378
No 8 191-8384
34 Yes 8 440-464
No 8 440-470

These 4 phase hybrid stepper motors are capable of
delivering much higher working torques and stepping
rates than permanent magnet (7.5° and 15°) types.
Whilst at the same time maintaining a high detent
torque even when not energised. This feature is partic-
ularly important for positional integrity. Many of the
motors are directly compatible with the RS stepper
motor drive boards (RS stock nos. 332-098, 342-051
and 440-240).

Size 34 motors and a number of size 23 motors are

supplied in 8-lead configuration which allows the max-
imum flexibility when connecting to the drive boards.

Rear extension shafts are provided on three of the
motors to enable connection of other drive require-
ments and feedback devices.
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Size 23
A Lead wire AWG22 (L=300)
RS stock no. 440-458 with rear shaft shown
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Rear shaft
RS stock no.| 440-442 440-458 191-8328 | 191-8334 | 191-8340 | 191-8356 | 191-8362 | 191-8378 | 191-8384
DIMA 50.5 50.5 38.5 38.5 50.5 50.5 76.0 101.5 101.5
Size 34
RS stock no. 440-464 with rear shaft shown Lead wire L = 300
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RS stock no. 440-464 A = 62.5mm RS stock no. 440-470 A = 94mm

6 Wire configuration

WHT Exciting sequence and direction of rotation when

facing mounting flange end.

Step White | Blue Red Yellow | Brown | CW
BRN 1 On On

On On
+dcV
On On

RED

S W | D

m On On




8 Wire configuration
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Rep Exciting sequence and direction of rotation when
i@ facing mounting flange end.

i Step Red Creen | Black | Yellow | Com CwW

b @ Q 1 On On

2 On On

g\éml ﬁl 3 On On Faey
1 o o

Technical specification
RS stock no. 440-420 440-436 440-442 440-458 440-464 440-470
Rated voltage (V) 5 12 5 12 3 2.5
Rated current (I) 0.5 0.16 1 0.6 2 45
Resistance (Q) 10 75 5 20 1.5 0.56
Inductance (mH) 6 36 9 32 4.5 2.8
Detent torque (mHm) 5 4 30 30 40 100
Holding torque (mNm) 70 70 500 500 1200 2200
Step angle accuracy (%) 5 5 5 5 5 5
Step angle 1.8 1.8 1.8 1.8 1.8 1.8
Insulation class B B B B B B
RS stock no. 191-8299 | 191-8306 | 191-8328 | 191-8334 | 191-8340 | 191-8356 | 191-8362 | 191-8378 | 191-8384
Rated voltage (V) 12 15 5 12 12 12 5.4 3.4 6
Rated current (I) 0.4 0.4 1 0.4 0.48 0.6 1.4 2.85 1.8
Resistance (Q) 30 45 5 40 25 20 3.8 12 35
Inductance (mH) 14 22 5.7 40 33 32 6.8 15 7.3
Detent torque (mHm) 35 35 14.8 14.8 29.6 29.6 56.5 77.6 77.6
Holding torque (mNm) 100 100 260 260 494 494 882 1200 1200
Step angle accuracy 5 5 5 5 5 5 5 5
(%0)
Step angle 1.8 1.8 1.8 1.8 1.8 1.8 1.8 1.8
Insulation class B B B B B B B B
Resonance This is commonly known as the ‘Unipolar L/nr drive’.

Certain operating frequencies cause resonance and
the motor loses track of the drive input. Audible vibra-
tion may accompany resonance conditions. These fre-
quencies should be avoided if possible. Driving the
motor on the half step mode (see motor drive meth-
ods) greatly reduces the effect of resonance.
Alternatively extra load inertia and external damping
may be added to shift resonance regions away from
the operating frequency.

Motor drive methods
The normal way of driving a 4-phase stepper motor is
shown in Figure 1.

Figure 1 Unipolar drive

Here the current in each winding, when energised,
flows in one direction only ‘n’, value is 21 (but not
necessarily an integer) and nR is the sum of the
external resistance plus the winding resistance (R). By
selecting a higher value for n (ie. larger external
resistance) and using a higher dc supply to maintain the
rated voltage and current for each winding, improved
torque speed characteristics can be obtained. Thus a
6V, 6Q motor (1A per phase) can be driven from a 6Vdc
supply without any series resistor, in the I/R mode.
Alternatively it can be driven from a 24Vdc supply
using 18Q series resistance in the L/4R mode with
much improved performance.
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Figure 2 Effect on motor performance of higher
supply voltages and larger series
limiting resistance

Torque

Increased n

Speed

Connection to RS bipolar stepper motor board
When the windings of the RS stepper motors are
assigned (©@1-04) as shown in Figure 3, they can be
connected to the board according to Figure 1.

Figure 3 Typical motor winding connections
Black

White
1,2 3,4

1.8° Stepper motor 7.5° Stepper motors

6 wire 6 wire
White/  White/ Red/ Yellow/
Black | Orange White | White
@1, @2 a3 @4

2

3

4

1.8° Stepper motor
8 wire parallel

1.8° Stepper motor
8 wire series

When using 8 lead motors with coils in parallel the
motor current should be set no greater than:

I per phase x V2
When using 6 lead or 8 lead motors with coils in series
the motor current should be set no greater than:
1
I per phase XV 2
Motors with 4 leads have a bipolar rating and can be
used according to manufacturer’s specification.

To step a motor in a particular direction a specific
switching sequence for the drive transistors Q1-Q4
needs to be followed. If this sequence is in Table 1
(known as the unipolar full step mode) it results in the
rotor advancing through one complete step at a time.

Table 1 Full step mode

Ste
WP Q1| Q2 | Q3| Q4
Start ON | OFF | OFF | ON A
posmon .
(abivary) | 1 | ON [ OFF | ON | OFF clockwise
2 |oFF| ON | ON |OFF
3 |OFF| ON | OFF| ON | Clockwise
4 | oN |OFF|OFF| ON
Above 5 ON | OFF | ON | OFF
sequence >
repeating

Table 2 Half step mode

ePl Q1| Q2| Q3| Q4
0.
ON [OFF| ON |OFF
Start )
position — | 1 | ON |[OFF|OFF|OFF c|0%2\t,:,_ise
2 | ON |OFF|OFF| ON
3 |OFF|OFF|OFF| ON
4 |OFF| ON |OFF| ON| Clockwise
5 |OFF|ON |OFF|OFF
6 |OFF|ON | ON |OFF
7 |OFF|OFF| ON |OFF
Above 8 | ON [OFF| ON |OFF
sequence 5
repeating -

Typical stepper motor control system

The operation of a stepper motor requires the pres-
ence of the following elements:

—C

1. A control unit. Usually a microprocessor based
unit which gives step and direction signals to the
drive card. RS stepper motor control board (RS
stock no. 440-098) is ideally suited for this function.

2. Power supply. Giving the required voltage and
current for the drive card using a linear power sup-
ply.

3. Drive card. This converts the signals from the con-
trol unit in to the required stepper motor sequence.
RS stock nos. 332-098, 342-051 and 440-240 are
designed for the function.

4. Stepper motor.
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Stepper motor drive boards

For control of stepper motors RS has three types of stepper drive board which are suitable to drive stepper
motors of various current ranges.

Drive board RS stock nos.  Suitable stepper motors Suggested wiring configuration
440-420 Size 17
440-436 Size 17
191-8299 Size 17
191-8306 Size 17
Unipolar 2A (RS stock no. 332-098) 440-442 Size 23
This drive is only suitable for 440-458 Size 23
applications where low speeds 191-8328 Size 23 N/A
and low torques are required 191-8334 Size 23
191-8340 Size 23
191-8356 Size 23
191-8362 Size 23
191-8384 Size 23
440-442 Size 23 Series or parallel
440-455 Size 23 Parallel connection
191-8328 Size 23 Series
Bipolar 3.5A (RS stockno. 342-051) 191-8362 Size 23 Series
Suitable for medium current, 191-8378 Size 23 Series or parallel
medium torque applications 191-8384 Size 23 Series or parallel
440-464 Size 34 Series or parallel connection
440-470 Size 34 Series or parallel connection
Bipolar 64 (RS stock 1o, 440-240). %g%_ggéi giig %g Eiila?fe?r parallel
Suitable for high current, hightorque| 440464 Size 34 Parallel connection
applications 440-410 Size 34 Series or parallel connection

Note: Connecting a stepper motor in series will give a good low speed high torque performance.
Connecting a stepper motor in parallel will give a good high speed lower torque performance.

Drive board connections

RS unipolar stepper motor drive board connections

Board supply
(15-30Vdc)

Auillary output
12vdc 50mA

Yy v
Board and motor
”””””” | may share the same suppply

External controls i

:

'

| +V motor (30Vdc max.)
Full/half step ——mmmm—— 25

27 32 31 3029

Clock —— i 24
RS stock no. 332-098

——
Direction _— 23 All board connections are to the

'a’ side of the DIN connector
Preset —— 22

On - board
oscillator

Oscillator control inputs | (1o

assembled)
*R = +V motor - rated winding voltage (see oscillator section)

rated winding current

Bipolar stepper motor drive board connections (RS stock nos. 342-051 and 440-240)

8 Lead
motor
(Parallel connections)

Motor supply (-12V to +36V RS stock no. 342-051)
R N @ (+20V to +70V for RS stock no. 440-240)

2 1

L }: R }: = [t
|

4 Lead 6 Lead

ad motor motor

E 24
10 O—O———,I

" o : »  Synch o
N~ 1t Home@loutput

_L@H Step clock input

o}
Board *® O\ °
o °

20 OQ o——é—:—» Overload output (RS stock no. 440-240 no connection to
s [+ Overtemp output (optional 1) £ ===~ = === =77 mmm s s e '

| @ VCOclockoutput

YYY

O———————= Aux 12V output (S0mA max.)s
S~ Aux5Voutput (SOMAmax.) |

28 O————O——1—@ = Logic supply (+15V to +24V) ,
o——o0—
o—o0—

1_4 Common OV

Current 1 Output  Reset @1
1 disable.  state
normally uses 1

I StopRun Base BaselMigh High speed: +
t "o speed ramps  values 1kai !
I ramping  values between  1010kQ

1 This facility requires the fitting of a thermal switch ' 10kG base and on-board DIP 1

2 Logic may share motor supply if between +15V and +24V/ H 000 high speeds suitc] '

3 If the on-board VCO has been fitted the VCO output may be : or zero and '

connected directly to the step clock inpu high speeds 3.5Aunit !
only

speed pot is
fitted

These components are only required if on-board VCO
has been fitted
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Typical drive motor speed torque curves

Size 34 single stack (RS stock no. 440-464)
using 3.5A bipolar chopper drive (RS stock no. 342-051)
Torque IH 7 Pull out torque vs speed
HEFHHHHHHHHHEH A - - HHHHHHEE. Drive : 342-051
Nem fHH voltage 1 36V
i 1 [/Phase . 2.7TA — Parallel connection
iii H tas : 22°C
HH Max. pull-in speed : 900Hz full step
fHH  (no load) : 1900Hz half step
iii [T Note: Broken lines indicate resonance areas
200 HH-
i
i
i
180 i
i
i
i
160 i
i
i
i
140 il
L IFul
120 T i fi
[
100 fs
I ) |
80 M H HHH- A
60
40
20
0 Speed
1 2 3 4 5678910 2 3 4 5678910 2 3 4 5678910
0 100 1000 Fullstep —__ 10000Hz
0 200 2000 Halfstep ___ 20000Hz
Size 34 single stack (RS stock no. 440-464)
using 6A bipolar chopper drive (RS stock no. 440-240)
Torque _ Pu?l out torque vs speed
[ Drive . 440-240
Nem 1 Voltage L 10V
[1 I/Phase © 2.1TA —Parallel connection
s : 21°C
H Max. pull-in speed : 900Hz full step
it (no load) . 1900Hz half step
H Note: Broken lines indicate resonance areas
200 H
180
160
Full step
140 . L=
Ll i e \
120 1 ==
100 iy 0
.
80
Cl
60 sHr
T Half step
40 - i
1T
1T
1T
20 il
il
0 it Speed
1 2 3 4 5678910 2 3 4 5678910 2 3 4 5 678910
0 100 1000 Full step 10000Hz
0 200 2000 Half step 20000Hz
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Size 34 double stack (RS stock no.440-470)
using 3.5A bipolar chopper drive (RS stock no. 342-051)

Pull out torque vs speed

Torque <
N Drive : 342-051
Nem H Voltage . 36V )
H I/Phase . 3.5A —Parallel connection
300 H tavs ‘ 1 23°C
[ Max. pull-in speed : 1000Hz full step
[ (no load) . 1950Hz half step
275 H Note: Broken lines indicate resonance areas
250 H
225
A N
200 T TN
Full step
175 i g% I
150 B
125
\
100 \
75 \
\ Half step.
50
25
0 Speed
1 2 3 4 5678910 2 3 4 5678910 2 3 4 5678910
0 100 1000 Fullstep____ 10000Hz
0 200 2000 Halfstep_____ 20000Hz

Size 34 double stack (RS stock n0.440-470)
using 6A bipolar chopper drive (RS stock no. 440-240)

Pull out torque vs speed

Torque A
Drive : 440-240
Nem Voltage L 10V
I/Phase . 6A —Parallel connection
tave . 20°C
Max. pull-in speed : 950Hz full step
(no load) . 2000Hz half step
Note: Broken lines indicate resonance areas
400 HHHH Fun step
300 2 \
=
il \
T 0 “
. 1
200
\ L Half step
\
100 H
A
i
0 1 Speed
1 2 3 4 5678910 2 3 4 5 678910 2 3 4 5 678910
0 100 1000 Fullstep ____ 10000Hz
0 200 2000 Halfstep__ 20000Hz
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Size 23 (5V 1A) (RS stock no. 440-442) using 3.5A bipolar chopper drive
Torque — Pull out torque vs speed
H Drive © 342-051
Ncm H Voltage 0 36V
t /Phase . 1.2A —Parallel connection
60 H tavs 1 19°C
[ Max. pull-in speed : 1100Hz full step
H (noload) . 2150Hz half step
[T Note: Broken lines indicate resonance areas
50 H
T
HAHHHH
H-+ Full step
40 i
30 \
Half step
I
|
20 .
\
. R EEEE il A B A MR EEEE L SN VI B R .. VR il
4
10
0 Speed
1 2 3 4 5678910 2 3 4 5678910 2 3 4 5678910
0 100 1000 Full step 10000Hz
0 200 2000 Half step 20000Hz
Size 23 (12V 0.6A) (RS stock no. 440-458) using 3.5A bipolar chopper drive
Torque — Pull out torque vs speed
HDrive . 342-051
Ncm HVoltage @ 36V
H1/Phase . 0.7TA —Parallel connection
60 Htave c21°C
MMax. pull-in speed : 900Hz full step
H (no load) . 1900Hz half step
[1Note: Broken lines indicate resonance areas
50 IFull .
40 i
30 N
[ Half step
20
10
i
I
I
0 i Speed
1 2 3 4 5678910 2 3 4 5678910 2 3 4
0 100 1000 Fullstep ____ 10000Hz
0 200 2000 Halfstep__ 20000Hz
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Size 23 (5V 1A) (RS stock no. 440-442) using 2A unipolar drive

Pull out torque vs speed

Torque Drive : 332-098
Voltage 1 24V
Nem [/Phase 1A - Unipolar I/nR
tamB : 18°C
60 Max. pull-in speed : 1000Hz full step
(no load) . 2000Hz half step
Note: Broken lines indicate resonance areas
50 T T
40
T Full step
20 ; i
20
™
\
\
\
X
10
\
I
0 i Speed
1 2 3 4 5678910 2 3 4 5678910 2 3 4 5678910
0 100 1000 Fullstep ___ 10000Hz
0 200 2000 Halfstep____ 20000Hz
Size 23 (12V 0-6A) (RS stock no. 440-458) using 2A unipolar drive
Torque —Pull out torque vs speed
[l Drive : 332-098
Ncm H Voltage 1 25V
H I/Phase . 600mA Unipolar I/nR
60 H tavs : 22°C
M Max. pull-in speed : 750Hz full step
1 (no load) . 1550Hz half step
50 H
40
30
20
HHHalf step
10
0 Speed
1 2 3 4 5678910 2 3 4 5678910 2 3 5 6 78910
0 100 1000 Full step 10000Hz
0 200 2000 Half step 20000Hz
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Size 17 (5V 0.5A) (RS stock no. 440-420) using 2A unipolar drive board (RS stock no. 332-098)
Pull out torque vs speed
Torque = Drive . 332-098
H Voltage  : 25V
Nem 1 I/Phase . 500mA — Unipolar L/nR
EEEEEEEERE A N tams c2l°C
1 Max. pull-in speed : 1250Hz full step
H (noload) : 2600Hz half step
H Note: Broken lines indicate resonance areas
1.0 H
0.8
Full step
0.6
g N
T
0.4 1T
Half step
0.2
N
0 fH Speed
1 2 3 4 5678910 2 3 4 56780910 2 3 4 5678910
0 100 1000 Full step 10000Hz
0 200 2000 Half step 20000Hz

Size 17 (12V 0.16A) (RS stock no. 440-436) using 2A unipolar drive board (RS stock no. 332-098)

Torque
EEEEEE R CEH A Pull out torque vs speed
Nem Drive : 332-098
Voltage L 2TV
0.6 I/Phase . 160mA — Unipolar I/nR
tavB . 22°C
Max. pull-in speed : 1000Hz full step
(no load) . 2000Hz half step
0.5
Full step
0.4
0.3
0.2
\HHalf ep:
0.1
0 I Speed
1 2 3 4 5678910 2 3 4 56780910 2 3 4 56780910
0 100 1000 Full step 10000Hz
0 200 2000 Half step 20000Hz

The information provided in RS technical literature is believed to be accurate and reliable; however, RS Components assumes no responsibility for inaccuracies

or omissions, or for the use of this information, and all use of such information shall be entirely at the user’s own risk.

No responsibility is assumed by RS Components for any infringements of patents or other rights of third parties which may result from its use.

Specifications shown in RS Components technical literature are subject to change without notice.
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